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(54) SPREAD SPECTRUM COMMUNICATION RECEIVER 

(57)Abstract: 

PURPOSE: To increase the purity of a reference clock 
by reducing a jitter component as preventing lock-out 
from occurring by deciding the stability of a loop, and 
switching a loop gain and a loop time constant. 
CONSTITUTION: When a delay locked loop(DLL) circuit 
1 starts a pull-in operation by controlling the operating 
timing of the delay locked loop circuit 1 and that of a 
demodulation circuit 2 by a timing controller circuit 3, 
the operation of the demodulation circuit 2 can be 
started almost simultaneously, and they are locked 
almost simultaneously* Also, a spread spectrum 
modulation signal is reversely spread by the DLL circuit 
1 as switching the loop gain of the DLL circuit 1 and the 
loop time constant sequentially, and a reverse spread 
signal outputted from the DLL circuit 1 is demodulated 
by the demodulation circuit 2. When the DLL circuit 1 is 
unlocked, the operation of the demodulation circuit 2 is 
stopped almost simultaneously. Thereby, it is possible to 
improve the purity of the reference clock as preventing 
the lock-out from occurring. 
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(54) Title of the invention: Spread spectrum 
commiinication receiver 
(57) Abstract: 

Purpose: To increase the purity of a reference clock by 
reducing a jitter component as preventing lock-out 
from occurring by deciding the stability of a loop, and 
switching a loop gain and a loop time constant. 
Constitution: When a delay locked loop (DLL) circuit 
1 starts a pull-in operation by controlling the operating 
timing of the delay locked loop circuit 1 and that of a 
demodulation circuit 2 by a timing controller circuit 3, 
the operation of the demodulation circuit 2 can be 
started almost simultaneously, and they are locked 
almost simultaneously. Also, a spread spectrum 
modulation signal is reversely spread by the DLL 
circuit 1 as switching the loop gain of the DLL circuit 
1 and the loop time constant sequentially, and a reverse 
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spread signal outputted from the DLL circuit 1 is 
demodulated by the demodulation circuit 2. When the 
DLL circuit 1 is unlocked, the operation of the 
demodulation circuit 2 is stopped almost 
simultaneously. Thus, it is possible to improve the 
purity of the reference clock as preventing the lock-out 
from occurring. 

[Claim] 

[Claim 1] While leading a spread spectrum system 
signal acquired by receiving operation to a DLL circuit 
which has a phase comparison circuit and a loop filter 
circuit and performing tailing and back spread of the 
mentioned above spectrum diffusion signal, in a spread 
spectrum system receiver which leads a back spread 
signal acquired by back spread operation of the 
mentioned above DLL circuit to a demodulation 
circuit, and generates a demodulation signal, a 
threshold preliminary set to a value of a signal which 
adds an output of the mentioned above phase 
comparison circuit with a constant period, and is 
acquired by this adding action is compared, a spread 
spectrum system receiver including a gain switching 
circuit which changes a gain of the mentioned above 
loop filter circuit, and a filter time constant when it 
judges whether a loop is stable based on this 
comparison result and a loop is stable. 
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[Detailed description of the invention] 

[0001] [Industrial application] This invention relates to 
the spread spectrum system receiver used with a spread 
spectrum communication system. 
[0002] [Description of the prior art] While positioning 
mobiles, such as vehicles, an airplane, a marine vessel, 
conventionally using an artificial satellite, in the 
satellite positioning communication service system 
which performs message communication, a spectrum 
spreading system is used as the transmission system in 
many cases. 

[0003] When it performs data communications, this 
spectrum spreading system makes a PN code 
superimpose on data, and make it diffuse spectrum, 
and it is strong to interference and faces it reception, 
since it cannot recognize only as white noise if the 
same PN code as the input signal sent is not used, there 
is a merit that unknown episode nature is very high. 
[0004] And in the receiver by such spread spectrum 
communication, when restoring to the input signal 
which spectrum spread is carried out and is sent, back 
spread processing of the input signal by which 
spectrum spread was carried out using the delay lock 
loop (DLL) circuit is carried out, and a back spread 
signal is reproduced in many cases. 
[0005] In this case, a DLL circuit has a PN code 
generator which generates the same PN code as the PN 
code of an input signal, the phase comparison of the 
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output codes obtained by this PN code generator and 
the numerals in an input signal is performed, 
controlling the phase of the output codes outputted 
from a PN code generator by this comparison result, 
carry out back spread processing of the input signal, 
and a back spread is generated, outputting this to a 
demodulation circuit and operation of the mentioned 
above demodulation circuit is controlled based on this 
back spread signal and the mentioned above contents 
of phase control, a back spread signal. 
(JJ.Spilker,Jr.»Delay-lock Tracking of Binary 
Signals» IEEE Transactions on Space Electronics and 
Telemetry 1963 March). 

[0006] [Problems to be solved by the invention] 
However, in the conventional spread spectrum system 
receiver mentioned above, even if a DLL circuit 
succeeds in drawing in, the career purity of the 
reference clock which a jitter component is large and is 
controlled by the loop gain K at the time of drawing in 
and the loop damping time constant a by the DLL 
circuit is bad. 

[0007] For this reason, in order to press down a jitter 
component small and to receive the purity of a 
reference clock, keeping a damping factor about at 
one, the loop damping time constant a had to be set to 
the loop gain K so that angular velocity oon might 
become small, and there was a problem that setting out 
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of these loop gains K and the loop damping time 
constant a was difficult. 

[0008] Next, although a gain switching circuit is 
provided in a DLL circuit and the spread spectrum 
system receiver which changed the loop damping time 
constant a to the loop gain K is also developed as a 
method of solving such a problem, in such a spread 
spectrum system receiver. Since trying to change the 
loop damping time constant a to the loop gain K 
whenever the time set up preliminary passed, after 
succeeding in drawing in, when the loop of a DLL 
circuit was unstable, the loop damping time constant a 
was changed to the loop gain K, by gain change, the 
lock blank might be started and the DLL circuit might 
fail in tailing. 

[0009] When it judges whether the loop of this 
invention is stable in view of the mentioned above 
situation and the loop is stable, it aims at providing the 
spread spectrum system receiver which can make a 
jitter component small and can receive the purity of a 
reference clock while preventing a lock blank by 
changing a loop gain and a loop damping time 
constant. 

[0010] [Means for solving the problem] In order to 
attain the mentioned above purpose, a spread spectrum 
system receiver by this invention, while leading a 
spread spectrum system signal acquired by receiving 
operation to a DLL circuit which has a phase 
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comparison circuit and a loop filter circuit and 
performing tailing and back spread of the mentioned 
above spectrum diffusion signal, in a spread spectrum 
system receiver which leads a back spread signal 
acquired by back spread operation of the mentioned 
above DLL circuit to a demodulation circuit, and 
generates a demodulation signal, a threshold 
preliminary set to a value of a signal which adds an 
output of the mentioned above phase comparison 
circuit with a constant period, and is acquired by this 
adding action is compared, when it judges whether a 
loop is stable based on this comparison result and a 
loop is stable, it is characterized by including a gain 
switching circuit which changes a gain and a filter time 
constant of the mentioned above loop filter circuit. 
[00 11] [Fimction] The threshold preliminary set to the 
value of the signal which adds the output of a phase 
comparison circuit with a constant period by a gain 
switching circuit, and is acquired by this adding action 
in the mentioned above composition is compared, 
when it judges whether the loop is stable based on this 
comparison result and the loop is stable, by changing 
the gain of a loop filter circuit and a filter time 
constant, preventing a lock blank, the jitter component 
of a loop is made small and purity of a reference clock 
is improved. 
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[0012] [Example] Drawing 1 is a block diagram 
showing one example of the spread spectrum system 
receiver according to this invention. 
[0013] The spread spectrum system receiver shown on 
this drawing DLL circuit 1 and the demodulation 
circuit 2, the timing controller circuit 3 and by the 
timing controller circuit 3, the operation timing of DLL 
circuit 1, when the operation timing of the 
demodulation circuit 2 is controlled and the mentioned 
above DLL circuit 1 starts drawing-in operation by 
initial acquisition, such as a digital matched filter (not 
represented), operation of the demodulation circuit 2 is 
made to start almost simultaneous, while these are 
locked almost simultaneous, the loop gain K of DLL 
circuit 1 . It is made to restore to the back spread signal 
which makes carry out back spread of the spectrum 
spread modulating signal by DLL circuit 1 with a 
change, and is outputted by the demodulation circuit 2 
from the mentioned above DLL circuit 1 one by one in 
the loop damping time constant a. And when the lock 
of DLL circuit 1 separates, operation of the 
demodulation circuit 2 is stopped almost simultaneous. 
[0014] As shown on drawing 2, DLL circuit 1, the A/D 
converter circuit 5 and PN code generation circuit 6, 
the phase shift circuit 7, the phase comparison circuit 
8, and the loop filter circuit 9, it includes the clock 
signal generating circuit 1 0, the gain switching circuit 
17, and the lock information generating circuit 11, 
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based on various kinds of timing signals outputted 
from the mentioned above timing controller circuit 3, 
DLL starts drawing-in operation by the initial 
acquisition to a spread spectrum modulation signal, 
changing the loop gain K of the loop filter circuit 9 and 
filter time constant a, whenever a loop is stabilized, 
after generating a lock detection signal and making 
operation of the demodulation circuit 2 start after 
succeeding in drawing in (lock detect). Back spread of 
the spectrum spread modulating signal is carried out, a 
back spread signal is generated, and this is supplied to 
the mentioned above demodulation circuit 2. And if a 
lock separates, a lock blank detecting signal will be 
generated almost simultaneous, and operation of the 
mentioned above demodulation circuit 2 will be 
stopped. 

[0015] The A/D converter circuit 5 incorporates a 
spectrum spread modulating signal to the timing based 
on the clock signal outputted from the mentioned 
above clock signal generating circuit 1 0, and quantizes 
this, the spectrum spread modulating signal of the 
digital format acquired by this quantization operation 
is supplied to the phase shift circuit 7. 
[0016] The frequency divider 12 which carries out 
dividing of the clock signal with which PN code 
generation circuit 6 is outputted from the mentioned 
above clock signal generating circuit 10 to one half, 
based on the control signal outputted, it operates from 
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the mentioned above timing controller circuit 3, 
synchronizing with the clock signal by which dividing 
was carried out in the mentioned above frequency 
divider 12, from a standard PN code and this standard 
PN code, 1/2 clock early progress PN code, it has PN 
code generator 13 which generates a late delay PN 
code 1/2 clock from the mentioned above standard PN 
code, making PN code generator 13 operate it based on 
the clock signal which carried out dividing of the clock 
signal outputted from the mentioned above clock 
signal generating circuit 10 to one half by the 
frequency divider 12, and was acquired by this 
dividing operation, and a standard PN code, a progress 
PN code and a delay PN code are generated and this is 
supplied to the phase shift circuit 7. 
[0017] The 1st exclusive OR gate 14a that takes the 
exclusive OR of the progress PN code to which the 
phase shift circuit 7 is outputted from the mentioned 
above PN code generation circuit 6, and the spectrum 
spread modulating signal outputted from the 
mentioned above A/D converter circuit 5, the 3rd 
exclusive OR gate 14c that takes the exclusive OR of 
the delay PN code outputted from the mentioned above 
PN code generation circuit 6, and the spectrum spread 
modulating signal outputted from the mentioned above 
A/D converter circuit 5, it has the 2nd exclusive OR 
gate 14b that takes the exclusive OR of the standard 
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PN code outputted from the mentioned above PN code 
generation circuit 6, and the spectrum spread 
modulating signal outputted from the mentioned above 
A/D converter circuit 5, exclusive OR with the 
spectrum spread modulating signal outputted from the 
mentioned above A/D converter circuit 5, the progress 
PN code outputted from the mentioned above PN code 
generation circuit 6 and a delay PN code, and a 
standard PN code is taken, and each of these 
processing results are supplied to the phase comparison 
circuit 8. 

[0018] The signal with which the phase comparison 
circuit 8 is outputted from the mentioned above 1st 
exclusive OR gate 14a based on the control signal from 
the mentioned above timing controller circuit 3, from 
the mentioned above 3rd exclusive OR gate 14c, take 
correlation with the signal outputted and the mentioned 
above 1st and 3rd exclusive OR gate 14a, while 
generating the 2 complement data (phase comparison 
signal) in which a gap of each signal outputted from 
14c is shown and supplying this to the loop filter 
circuit 9, the gain switching circuit 17, and the lock 
information generating circuit 11,1 symbol data length 
addition of the signal outputted from the mentioned 
above 2nd exclusive OR gate 14b is carried out, a back 
spread signal is generated and this is supplied to the 
mentioned above demodulation circuit 2. 
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[0019] The value of the phase comparison signal with 
which the loop filter circuit 9 is outputted from the 
mentioned above phase comparison circuit 8, it 
calculates based on the loop gain K and filter time 
constant a which were specified by the mentioned 
above gain switching circuit 17, the voltage control 
signal of the binary format corresponding to the value 
of the mentioned above phase comparison signal is 
generated and this is supplied to the clock signal 
generating circuit 10 and the lock information 
generating circuit 1 1 . 

[0020] The clock signal generating circuit 10 
incorporates the voltage control signal outputted from 
the mentioned above loop filter circuit 9. The D/A 
converter circuit 15 which carries out D/A conversion 
of this and generates the voltage control signal of 
analog format, it includes the VCXO circuit 16 which 
sends on the frequency according to the value of the 
voltage control signal outputted from this D/A 
converter circuit 15, and generates a clock signal, it 
sends on the frequency according to the value of the 
voltage control signal outputted from the mentioned 
above loop filter circuit 9, a clock signal is generated, 
and this is supplied to the mentioned above timing 
controller circuit 3, the mentioned above PN code 
generation circuit 6, and the mentioned above A/D 
converter circuit 5. 
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[0021] As shown on drawing 3, the gain switching 
circuit 17, the addition period setting circuit 18, the 
phase comparator output adder circuit 1 9, the threshold 
setting circuit 20, and the decision circuit 21, it 
includes the counter circuit 22, the gain change 
decision circuit 23, and the gain setting circuit 24, it is 
judged whether the value of the phase comparison 
signal outputted from the phase comparison circuit 8 is 
checked, and the loop has become a stable state, 
whenever a loop will be in a stable state, generate the 
loop stable detecting signal which shows that a loop is 
a stable state, supply this to the lock information 
generating circuit 1 1 . 

After outputting this loop stable detecting signal, the 
loop gain K of the mentioned above loop filter circuit 9 
and filter time constant a are changed after 
predetermined time. 

[0022] The number of times of addition when deciding 
whether the loop is stable is set up, and the addition 
period setting circuit 1 8 supplies this number of times 
of addition to the phase comparator output adder 
circuit 19. 

[0023] Whenever only the number of times of addition 
outputted from the mentioned above addition period 
setting circuit 1 8 adds the phase comparison signal 
outputted from the mentioned above phase comparison 
circuit 8, the phase comparator output adder circuit 19, 
this processing is repeated, after outputting the 
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aggregate value acquired by this summing processing 
to the mentioned above decision circuit 21 and 
resetting the aggregate value till then after this. 
[0024] The threshold when deciding whether the loop 
is stable is set up, and the threshold setting circuit 20 
supplies this threshold to the mentioned above decision 
circuit 21. 

[0025] When the decision circuit 21 compares the 
aggregate value periodically outputted from the 
mentioned above phase comparator output adder 
circuit 19 with the threshold outputted from the 
mentioned above threshold setting circuit 20 and the 
mentioned above aggregate value is contained within 
the limits of the threshold, this is detected, the 
detecting signal in a threshold is generated, and this is 
supplied to the counter circuit 22. When the mentioned 
above aggregate value separates and is from the range 
of a threshold, a reset signal is generated and this is 
supplied to the mentioned above counter circuit 22. 
[0026] Whenever the detecting signal in a threshold is 
outputted from the mentioned above decision circuit 
21, the counter circuit 22, whenever it supplies the 
counted value which counted this and was acquired by 
this count operation to the mentioned above gain 
change decision circuit 23 and a reset signal is 
outputted from this gain change decision circuit 23 and 
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the mentioned above decision circuit 21, the count 
operation which reset and mentioned the counted value 
till then above is repeated. 

[0027] When it judges whether the mentioned above 
loop of the gain change decision circuit 23 is stable 
based on the counted value outputted from the 
mentioned above counter circuit 22 and judges with 
the loop being stable, generating the loop stable 
detecting signal that shows that the loop is stable, and 
this is supplied to the lock information generating 
circuit 1 1 and a switch signal is generated after fixed 
time from this time and this is supplied to the gain 
setting circuit 24. 

[0028] In this case, only in prescribed frequency, the 
state as a method of judging whether the loop being 
stable where the aggregate value outputted, for 
example from the phase comparator output adder 
circuit 19 is smaller than a threshold continues, when 
the counted value outputted from the counter circuit 22 
corresponding to this turns into more than the value set 
up preliminary, the method of judging it as the loop 
having been stabilized are taken. 
[0029] Whenever a switch signal is outputted from the 
mentioned above gain switching circuit 23, the gain 
setting circuit 24, the gain K and the loop damping 
time constant a are chosen, and the loop filter circuit 9 
is supplied so that angular velocity con of DLL circuit 1 
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may be blunted one by one among a plurality of gains 
K set up preliminary and a plurality of loop damping 
time constants a. 

[0030] The lock detection signal generating circuit 25 
which judges whether DLL circuit 1 succeeded in 
drawing in based on the phase comparison signal 
outputted from the mentioned above phase comparison 
circuit 8 as the lock information generating circuit 1 1 
is shown on drawing 4, it includes the lock blank 
detection signal generating circuit 26 which judges 
whether the lock of DLL circuit 1 separated based on 
the loop stable detecting signal outputted and the 
voltage control signal outputted from the mentioned 
above loop filter circuit 9 from the mentioned above 
gain switching circuit 17, when it confirms whether 
DLL circuit 1 succeeded in drawing in based on the 
value of the phase comparison signal outputted from 
the mentioned above phase comparison circuit 8 and a 
success of drawing in is detected, a lock detection 
signal is generated and this is supplied to the 
mentioned above demodulation circuit 2. When the 
loop stable detecting signal outputted from the 
mentioned above gain switching circuit 17 is 
outputted, based on the value of the voltage control 
signal outputted, a threshold is set up from the 
mentioned above loop filter circuit 9, when it confirms 
whether compared this threshold with the voltage 
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control signal outputted from the mentioned above 
loop filter circuit 9 after this, and the lock of DLL 
circuit 1 separated and a lock blank is detected, a lock 
blank detecting signal is generated and this is supplied 
to the mentioned above demodulation circuit 2. 
[0031] Next, the locking action of this example is 
explained, referring to drawing 1 - drawing 4. First, if 
the initial supplementary operation by a digital 
matched filter is started, from PN code generation 
circuit 6, under control of the timing controller circuit 
3, progress by a clock signal being generated by the 
clock signal generating circuit 10, and a PN code and a 
delay PN code, a standard PN code is outputted, the 
exclusive OR of these progress PN code, a delay PN 
code, a standard PN code, and the spectrum spread 
modulating signal of the digital format outputted from 
the A/D converter circuit 5 calculates, and this result of 
an operation is supplied to the phase comparison 
circuit 8. 

[0032] And the phase of the PN code included in the 
spectrum spread modulating signal outputted by this 
phase comparison circuit 8 from the mentioned above 
A/D converter circuit 5 based on the mentioned above 
result of an operation, the gap with the phase of the PN 
code outputted from the mentioned above PN code 
generation circuit 6 is detected and this is supplied to 
the loop filter circuit 9, the phase of the PN code 
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contained in the spectrum spread modulating signal 
which is changed into the voltage control signal of a 
binary format and is outputted from the mentioned 
above A/D converter circuit 5, the phase of the clock 
signal outputted from the mentioned above clock 
signal generating circuit 10 is controlled so that the gap 
with the phase of the PN code outputted from the 
mentioned above PN code generation circuit 6 
becomes small. 

[0033] And in parallel to this operation, the aggregate 
value which added the value of the phase comparison 
signal which a loop is stabilized and is outputted from 
the phase comparison circuit 8 with the cycle set up 
preliminary comes in the threshold outputted from the 
threshold setting circuit 20 of the gain switching circuit 
17, whenever this is detected only for prescribed 
frequency by the decision circuit 2 1 , data collection 
processing of the lock blank detection signal 
generating circuit 26 of the lock information 
generating circuit 1 1 in which this was detected by the 
gain change decision circuit 23 is performed, while the 
threshold for lock blank detection is computed, when 
this threshold calculation processing is completed, the 
value of the gain K outputted from the gain setting 
circuit 24 and the value of the loop damping time 
constant a are changed in the direction which blunts 
angular velocity con. 
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[0034] By each time tl where the loop was stabilized 
by this as shown on drawing 5, t2, t3, by the gain 
switching circuit 17, the value of the gain K of the loop 
filter circuit 9, while the value of the voltage control 
signal which the value of the loop damping time 
constant a is changed in the direction which blunts 
angular velocity on, and is outputted from the loop 
filter circuit 9 converges, the purity of a reference 
clock is raised and a jitter component becomes small. 
[0035] Whenever the gain K of the loop filter circuit 9 
and the loop damping time constant a are changed by 
the gain switching circuit 17 at this time, the threshold 
of the lock blank detection signal generating circuit 26 
established in the lock information generating circuit 
1 1 is changed so that the width of upper limit and a 
degree value may become small. 
[0036] And when the value of the phase comparison 
signal outputted from the phase comparison circuit 8 
fulfills predetermined conditions, while this is detected 
by the lock detection signal generating circuit 25 of the 
lock information generating circuit 1 1 which has 
detected the existence of drawing in based on this 
phase comparison signal and a lock detection signal is 
generated, the recovery of the back spread signal 
which the demodulation circuit 2 starts a locking 
action and is outputted from DLL circuit 1 by this lock 
detection signal is started. 
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[0037] Next, when the lock of DLL circuit 1 separates 
by a certain cause, the lock blank detecting signal with 
which this was detected is generated by the lock blank 
detection signal generating circuit 26 of the lock 
information generating circuit 1 1 , and the 
demodulation circuit 2 suspends demodulation 
operation with this lock blank detecting signal. 
[0038] In this case, whenever it changes the loop gain 
K of the loop filter circuit 9, and filter time constant a 
by the gain switching circuit 17, since the threshold of 
the lock blank detection signal generating circuit 26 
established in the lock information generating circuit 
1 1 is changed, when the lock of DLL circuit 1 
separates, this can be detected certainly and the 
demodulation operation of the demodulation circuit 2 
can be stopped. 

[0039] Thus, in this example, whenever a loop is 
stabilized, the gain switching circuit 1 7 detects this, 
since the loop gain K and filter time constant a are 
changed by the gain switching circuit 17, resetting the 
lock blank detection signal generating circuit 26 by 
each time tl, t2, t3 and making small width between 
the upper limit of a threshold, and a lower limit one by 
one, when the loop is stable, the loop gain K of the 
loop filter circuit 9 and filter time constant a can be 
changed so that angular velocity con of DLL circuit 1 
may be blunted, purity of a reference clock can be 



19 



made high one by one, preventing a lock blank by this, 
the value of the voltage control signal outputted from 
the loop filter circuit 9 can be converged and a jitter 
component can be made small. 
[0040] 

[Effect of the invention] When it judges whether the 
loop is stable in this invention as explained above, and 
the loop is stable, a loop gain and a loop damping time 
constant are changed. Thus, preventing a lock blank, a 
jitter component can be made small and the purity of a 
reference clock can be received. 

[Brief description of the drawings] 

[Drawing 1] is a block diagram showing one example 
of the spread spectrum system receiver by this 
invention. 

[Drawing 2] is a block diagram showing the detailed 
example of a circuit of the DLL circuit shown on 
drawing 1. 

[Drawing 3] is a block diagram showing the detailed 
example of a circuit of the gain switching circuit 
shown on drawing 2. 

[Drawing 4] is a block diagram showing the detailed 
example of a circuit of the lock information generating 
circuit shown on drawing 2. 

[Drawing 5] is a diagram for explaining operation of 
the DLL circuit shown on drawing 1 . 
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[Description of numerals] 

1 DLL circuit 

2 Demodulation circuit 

3 Timing controller circuit 

5 A/D converter circuit 

6 PN code generation circuit 

7 Phase shift circuit 

8 Phase comparison circuit 

9 Loop filter circuit 

10 Clock signal generating circuit 

1 1 Lock information generating circuit 
17 Gain switching circuit 

25 Lock detection signal generating circuit 

26 Lock blank detection signal generating circuit 

Drawing 1 
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Drawing 3 
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Drawing 2 
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Drawing 5 
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